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Fingering causing water pathways is investigated with the help of laboratory experi-
ments， inthe case of two layered soil whose upper layer is finer and less conductive than 
the coarser layer beneath， under the presence of ponding water over the upper layer. 
Experirnents were perforrned using Vinyl Chloride cylinder 19.5cm in diarneter and 
30crn long， assernbled by connecting fifteen rings each 2crn long. This technique faciIitat-
ed three dimensional observations of wetting front by rneans of taking photographs of 
horizontal cutting planes frorn the soil interface to the bottorn of the cylinder in steps of 
the ring height. 
The relation between particle size distribution and the area of wetted fraction over 
the horizontal cross-sections of the bottom layer was exarnined in detail with the help of 
the photographs. As a result of this study， itbecarne clear that the water pathways 
disappeared in the bottorn layer when the particle size is between 0.150rnrn to 0.212mm. 
Even in the case of 0.500rnrn to 0.600rnrn， the fingering causing water pathways was 
reduced by the adrnixture of 5~ 10% of fines between 0.106 to 0.075rnrn. 





















































これは， 2次元的なモデルでは測定が難しく， Fig.2に示す様な，外径21.5cm，高さ 2cmの壇
化ビニール製のリングを鉛直につなぎ合わせた円簡を用いて実験を行った。詳細は前報町こ記













































Fig. 1 Schematic figures of different fingering 
causing (a) waving wetting front and (b) 
preferential pathways. 
camera 
f91 Mariot siphon 
upper soil 
subsoil 
Fig. 2 Experimental apparatus for inves-
tigating infiltration in layered soil. 
140 佐賀大学農学部草食報第76号 (1994)
Table 1 Experimental conditions of infiltration trials in the CASE-l. (払;ponding depth， Q ; infiltra-
tion rate， T ; Time during charging w在terfrom Mariot tank) 
runnmg sublayer toplayer 
No. material length material length 日。 Q(cm/s) T(s) 
RUN-59 glass beads glass beads 
500~600μm 100% 18佃 75~106μm 100% 4αn 1αn 8.740x10-3 180 
RUN-57 glass beads glass beads 
500~600μm 99% 18αn 75~106μm 100% 4cm lc湖 8.796 X 10-3 210 
75~106μm 1% 
RUN-56 glass beads glass beads 
500~600μm 98% 18cm 75~106μm 100% 4cm 1叩 9.183X 10-3 270 
75~106μm 2% 
RUN-58 glass beads glass beads 
500~600μm 97% 18cm 75~106μm 100% 4cm 1 cm 9.583 X 10-3 300 
75~106μm 3% 
RUN-55 glass beads glass beads 
500~600μm 95% 20cm 75~106μm 100% 4cm 1 cm l.240X10-2 360 
75~106μm 5% 
RUN-54 glass beads glass beads 
500~600μm 90% 20cm 75~106μm 100% 4 cm 1 cm 2.105 X 10-2 450 
75~106μm 10% 
Table 2 Experimental conditions of infiltration trials in the CASE-2. (Ho; pondipg depth， Q ; infiltra巴
tion rate， T ; time during charging water from Mariot tank) 
runnmg sublayer toplayer 
No. material length mat巴rial length Ho Q(cm/s) T(s) 
RUN-59 glass beads glass beads 
500~600μm 100% 18cm 75~106μm 100% 4αH lcm 8.740xlO-3 180 
RUN--60 glass beads glass beads 
500~600μm 90% 18cm 75~106μm 100% 4佃 1 cm 9.923 x 10-3 210 
355~425μm 10% 
RUN-61 glass beads glass bead芭
500~600μm 90% 18cm 75~106μm 100% 4 cm 1 cm 9.585x10-3 240 
300~355μm 10% 
RUN-62 glass beads glass beads 
500~600μm 90% 18cm 75~106μm 100% 4cm 1 cm l. 031 X 10-2 270 
250~300μm 10% 
RUN-64 glass beads glass beads 
500~600μm 90% 18cm 75~106μm 100% 4cm 1 cm 1.286 X 10-2 240 
212~250μm 10% 
RUN-54 glass b邑ads glass beads 
500~600μm 90% 20cm 75~106μm 100% 4 cm 1 cm 2.105 X 10-2 450 
75~106μm 10% 





Table 3 Experimental conditions of infiltration trials in the CASE司3.(品;ponding depth， Q; infiltra-
tion rate， T ; time during charging water from Mariot tank) 
runnmg sublayer toplayer 
No. material 1日ngth materiaI length Ho Q(αn/s) T(s) 
RじN-70 glass beads gIass beads 
850~1000μm 100% 20c加 75~106μm 100% 4cm 1cmι736X 10-3 180 
RUN…59 glass beads glass beads 
500~600μni. 100% 18cm 75~106μm 100% 4cm 1cm 8.740X10-3 210 
RUN-66 glass beads glass beads 
425~500μm 100% 18cm 53~90μm 100% 4cm 1 cm 1.071 XlO-2 240 
RUN-65 glass beads glass beads 
355~425μm 100% 18cm 53~90μm 100% 4 cm 1 cm 1.353x 10-2 270 
RUN…68 glass beads glass beads 
250~300μm 100% 20cm 53~90μm 100% 4cm 1cm 9.303xlO-3 240 
RUN叩69 glass beads glass beads 
150"'-'212μm 100% 20cm 75~250μm100% 4cm 1 cm 7 .586x 10-3 450 
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Fig. 3 Schematic figures of the ideal combination between particles in the experi勾
ments. 
142 
(a) Z = 0 cm 
(d) Z = 4 cm 
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(RUN-65) 
(b)Z = Ocm 
(e) Z = 6 cm 
(c)Z = 2 cm 
(f)z = 8cm 
Fig. 4 Photographic cross sectional figures of sublayer in the case of RUN -65 as a 








Fig. 5 Photographic cross sectional figures of the wetted fraction caused at the 
depth of 4 cm from the interface between toplayer and sublayer through the 






における浸潤部の写真を示す (RUN-55はトレースのみの測定のため省略した)。これから， (a) 
図で示されるような，単粒子で発生する円形のフィンガーが，細粒子の混合比が増加するに従
い，水平方向に浸潤部分でつながり，着色された浸潤部が広がっていく様子が分かる。また，
2成層湛水降下浸潤に伴う流路状のフィ ンガーの生成について 143 
確認できるフィンガーのサイズは，あまり変化がない。
Fig.6は， CASE-2での各実験における z= 6叩の切断面の写真である。ここでは， (f)を除い
た全ての実験でフィンガーが生じている。しかし， (a)図の単粒子におけるフィンガーと比較し
(a)RUN-59 (b)RUN-60 (c)RUN-61 
(d)RUN-62 (e)RUN-64 (f)RUN-54 
Fig. 6 Photographic cross sectional figures of the wetted fraction caused at the 
depth of 6cm from the interface between toplayer and sublayer through the 
series of experiments in the CASE.2. 
(a)RUN-70 (b)RUN-59 (c)RUN-66 
(d)RUN-65 RUN-68 RUN-69 
Fig. 7 Photographic cros sectional figures of the wetted fraction caused at the 
depth of 6 cm from the interface between toplayer and sublayer through the 










(a)z = 0 cm (b)z = 2 cm (c)z = 4 cm 
(d) z = 6 cm (e) z = 8 cm (f) z = 10cm 
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Fig. 8 Photographic cross sectional figures of wetted fraction in the case of sublayer 
whose range of particle size is from 0.150 mm to 0.212 mm as same as RUN -65， but 
the infiltration rate is 2.14 x 10-3cm/s 
て，混合する粒子の粒径が小さくなるにつれて径の大きなフィンガーが出現し，径の大きさに
ばらつきが見られる。

















Fig.9， Fig .10， Fig.11に各々CASE-1，CASE-2， CASE-3の各実験について，深さ10cmまで
の各切断面における，浸潤部分を合計した面積の鉛直方向の分布を示す。
」凶











































盟z=2 C11!:SjZ= 4 C11騒zニ 6C11 
顔z='8 C11 ~懇 2=10c111
(CASE-l) 
RUN-59 RUN-57 RUN→56 RUN-58 RじN-55RUN-54 
Fig. 9 Vertical variation of the SU11 of wetted fr呂ctionsin the 
horizontal cross section through th日 experi日1entsin the 
CASE-l 
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t2dz= 2 C11感z=4 C11鶴z=， 6 C11 
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RUN-59 RUN-60 RUN-61 RUN-62 RUN-64 RUN-54 
Fig.l0 Vertical variation of the sum of w巴ttedfractions in the 
horizontal cross section through th巴巴xperi111entsin the 
CASE-Z. 

























盟z=2 cm密z=4 C11翻z=6 cm 
協z=8 cm ~鑓 z ニ 10C111
(CASE--3) 
RUN-70 RUN-59 RUN-66 RUN 65 RじN-68RUN-69 
Fig.ll V巴rticalvariation of the sum of wetted fractions in the 



































Fig.12 Distribution of fingers' size in diameter defined by 













Fig.13 Distribution of fingers' size in diameter defined by 
(maximum diamater十 munimumdiameter) /2 through 
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(CASE-3) 














? ? ? ? ? ?
???
4む水分特性描線0)比較






























Fig.14 Suction(φ) VS. volumetric saturation (8) characteris-
tics of sub!ayer material used in the experiments in the 
CASEω1. 
35.5 30‘5 25.5 20.5 
ψ(cm) 





















































































































Fig.15 Suction(φ) vS.volum日tric saturation (e) characteris-
tics of subl呂yeτmateri呂1us巴din th巴experimenεsin the 
CASE-2. 





Fig. 16 Suction (φ) v呂田 volumetric saturation (fJ) characteris-
tics of sublayer mat日rrialused in the experiments in the 
CASE-3. 
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約
2成麗(上濯が細ラ下層が粗)湛水条件下において流路を生ずるブィンガリングについ
内実験を行いラ詳しく調べた。
実験は， 15{閣の高さ 2cmのリングを接続した塩化ビニール製，直径19.5cm，高さ30cmの円簡
を援用して行った。この実験装置を用いると， 2層の境界面から底部まで， リングの高さ毎に
水平に切断した平閣を写真揚影することによって，浸i関前線の三次元的な観察が容易に行われ
る。
撮影された写真の解析により，下層土における粒窪の分布と水平断面における浸瀧部との関
係が詳細に調べられた。その結果，下層の粒窪の範囲が0.150mmから0.212慨になったとき，流
路の存在が確認できなくなった。また，粒筏が0.500mmから0.600mmの粗粒子においても， 0.106 
mmから 0.075mmの縮粒子が 5~10%混合されることによって，流路状のブインガリングの発生が
強く抑制されることが分かった。
J.c.li 
